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Effect of composition, viscosity and thickness of the opaquer on
the adhesion of resin composite to titanium
Abstract
OBJECTIVES: The objectives of this study were to determine the bond strength of powder-liquid and
paste opaquers with different chemical compositions and viscosity to a metal substructure when they
were applied in two thicknesses and to evaluate the failure modes after the bond strength test.
METHODS: Titanium plates (51 mm x 25 mm x 1mm) (n(plates)=25, N=80, n=10 per group) were
conditioned with chairside silica coating (CoJet-Sand, 30 microm silica coated Al(2)O(3)) from a
distance of approximately 10mm at a pressure of 2.8 bar for 15 s/cm(2) and silanized. Four types of
opaquers, namely one powder-liquid (Sinfony, 3M ESPE), and three paste opaquers [(Cimara, Voco),
(Monopaque, Ivoclar Vivadent), (Cavex Experimental, Cavex)] were applied either in 0.25 or 0.50 mm
thicknesses using standard polyethylene molds and photo-polymerized. Resin composite (Quadrant
Posterior Dense, Cavex) was applied incrementally and photo-polymerized. The specimens were
thermocycled (5-55 degrees C, 6000 cycles) prior to shear bond strength test (1mm/min). Failure types
were analyzed using an optical microscope and scores were given according to the modified Adhesive
Remnant Index (ARI) (Score 0=no opaquer on the surface, Score 1=<1/2 covered with opaquer, Score
2=>1/2 covered with opaquer, Score 3=completely covered with opaquer). RESULTS: While thickness
did not significantly affect the bond strength results (p=0.523), type of opaquers had a significant
influence on the results (p<0.01) (Univariate ANOVA, Tukey's test). Interaction terms between
thickness and opaquer type were significant (p<0.01). Debonded specimens during thermocycling were
considered as 0 MPa. At both 0.25 and 0.5mm thicknesses, powder-liquid based opaquer (Sinfony)
showed significantly higher results (8.4+/-5.6 and 8.4+/-4.9 MPa, respectively) than those of other
opaquers (1.4+/-1 to 4.3+/-3.8 MPa) (p<0.05). Only when Cimara was applied in 0.25 mm (6.9+/-4.2
MPa), there were no significant differences with Sinfony (p>0.05). The lowest results in both
thicknesses were obtained from Monopaque (4+/-3.8 to 1.6+/-1 MPa, respectively) and Cavex (1.4+/-1
to 4.2+/-2.9 MPa, respectively) paste opaquers. In all opaquers, the incidence of Score 0 (30) was more
frequent followed by Score 1 (27) and Score 2 (20). SIGNIFICANCE: The use of powder-liquid
opaquer in order to mask the metal in repair actions provided higher bond strength than those of the
paste opaquers in both thin and thick applications. In all opaquers, the incidence of adhesive failure
between the opaquer and the metal was more common implying inadequate adhesion.
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ABSTRACT 
Objectives. The objectives of this study were to determine the bond strength of powder-liquid 
and paste opaquers with different chemical compositions and viscosity to a metal substructure when 
they were applied in two thicknesses and to evaluate the failure modes after the bond strength test. 
Methods. Titanium plates (51x25x1 mm) (nplates=25, N=80, n=10 per group) were conditioned 
with chairside silica coating (CoJet-Sand, 30 µm silica coated Al2O3) from a distance of approximately 
10 mm at a pressure of 2.8 bars for 15 s/cm2 and silanized. Four types of opaquers, namely one 
powder-liquid (Sinfony, 3M ESPE), and three paste opaquers [(Cimara, Voco), (Monopaque, Ivoclar-
Vivadent), (Cavex Experimental, Cavex)] were applied either in 0.25 or 0.50 mm thicknesses using 
standard polyethylene molds and photo-polymerized. Resin composite (Quadrant Posterior Dense, 
Cavex) was applied incrementally and photo-polymerized. The specimens were thermocycled (5-
55oC, 6000 cycles) prior to shear bond strength test (1mm/min). Failure types were analyzed using an 
optical microscope and scores were given according to the modified Adhesive Remnant Index (ARI) 
(Score 0= no opaquer on the surface, Score 1= <1/2 covered with opaquer, Score 2= >1/2 covered 
with opaquer, Score 3= completely covered with opaquer). 
Results. While thickness did not significantly affect the bond strength results (p=0.523), type of 
opaquers had a significant influence on the results (p<0.01) (Univariate ANOVA, Tukey’s test). 
Interaction terms between thickness and opaquer type were significant (p<0.01). Debonded 
specimens during thermocycling were considered as 0 MPa. At both 0.25 and 0.5 mm thicknesses, 
powder-liquid based opaquer (Sinfony) showed significantly higher results (8.4±5.6 and 8.4±4.9 MPa, 
respectively) than those of other opaquers (1.4±1 - 4.3±3.8 MPa) (p<0.05). Only when Cimara was 
applied in 0.25 mm (6.9±4.2 MPa), there were no significant differences with Sinfony (p>0.05). The 
lowest results in both thicknesses were obtained from Monopaque (4±3.8 - 1.6±1 MPa, respectively) 
and Cavex (1.4±1 - 4.2±2.9 MPa, respectively) paste opaquers. In all opaquers, the incidence of 
Score 0 (30) was more frequent followed by Score 1 (27) and Score 2 (20). 
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Significance. The use of powder-liquid opaquer in order to mask the metal in repair actions 
provided higher bond strength than those of the paste opaquers in both thin and thick applications. In 
all opaquers, the incidence of adhesive failure between the opaquer and the metal was more 
common implying inadequate adhesion.  
Keywords: Adhesion; Opaque resin; Repair; Titanium 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  4
1. Introduction 
Although there is an increasing trend for metal-free restorations in the dental profession, failures in 
the form of fracture or chipping associated with such materials are also being reported [1] indicating 
that there is still place for the indication of metal-ceramic fixed-dental-prosthesis (FDP). Furthermore, 
extensive oral rehabilitations could only be achieved with metal-ceramic FDPs since flexural strength 
of all-ceramic restorations do not allow for multiple-unit restorations. One of the technical 
complications related to metal-ceramic FDPs however is fracture or chipping of the ceramic with or 
without exposure of the metal substructure. Although there are no controlled clinical trials with metal-
ceramic FDPs, ceramic fractures either at the occlusal or cervical areas are reported to be 5 to 10% 
up to 10 years service time [2]. Despite the increased effort to improve the adhesion between the 
ceramic and the metal substrate, the published literature reveals that the reasons for failures cover a 
wide spectrum from thermal mismatch between the veneering ceramic and the metal framework, lack 
of calibration of the ceramic oven, laboratory mistakes to iatrogenic causes or they are merely related 
to the inherent brittleness of the ceramics [2]. In some situations, these failures occur simply as a 
consequence of trauma. With the introduction of adhesive technologies and conditioning methods, it 
is possible today to repair such occasions intra-orally [3]. This option prevents the replacement of the 
complete restoration and provision of the temporary restorations. Aesthetic and functional repair, 
wherever possible, has many advantages over time-consuming and expensive remakes of FDPs with 
which service life of the reconstructions can be increased in a more conservative approach [4,5].  
The clinical procedure requires conditioning the metal surface followed by masking the 
underlying metal with a photo-polymerizable opaque resin (hereon=opaquer) and then layering it with 
a resin-based composite. Various conditioning methods have been introduced in order to enhance 
the adhesion of the opaquer and the subsequent resin composite to cast alloys [6]. One of the most 
well-established metal-resin bonding systems is the so-called tribochemical silica coating technique, 
which was first introduced in 1989 [7]. In vitro studies [8] and clinical data [4,5] indicated that silica 
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coating and silanization could establish a strong metal-resin adhesion that was less affected by 
thermal changes than other adhesive systems. This technique provides micromechanical retention 
through airborne particle abrasion, as well as a physicochemical adhesion between the resin 
composite and the silanized ceramic or alloy substrate. The use of a silane coupling agent in this 
system is a prerequisite in order to promote the chemical bonding between the silica coated alloy 
surface and the opaquer layer. The silanol groups bond chemically to the hydroxyl groups on the 
silicon dioxide surface. This provides a chemical link and good surface wettability between the resin 
composite and the alloy. 
Opaquers are available either in powder-liquid or paste forms with different chemical 
compositions (MMA, EGDMA, UDMA, TEGDMA, Bis-GMA, 4-META/MMA-TBB and pigments) 
leading to various consistencies. Clinically they are applied in a non-controlled manner using a brush 
or the tip of a probe. Since the clinical failures reported on the repaired metal-ceramic FDPs are 
usually experienced between the opaquer and the metal but very rarely being cohesive within the 
repair composite [4,5], opaquer layer seems to present the weakest link between the resin composite 
and the metal surface. It can be anticipated that the increased thickness of the opaquer may yield to 
impaired bond strength as a result of diminished degree of polymerization. Furthermore, high viscous 
opaquers may not wet the conditioned surface evenly and may also result in less favorable adhesion. 
No study to date looked at the thickness effect of the opaquers on their adhesion for direct repair 
applications even though it was known clinically that they presented the weakest link between the 
alloys and the resin composites. The objectives of this study therefore were to determine the bond 
strength of powder-liquid and paste opaquers with different chemical compositions to a metal 
substructure when they were applied in two thicknesses and to evaluate the failure modes after the 
bond strength test. The hypothesis tested was that the increase in viscosity and thickness would lead 
to decreased bond strength of the opaquer onto the metal. 
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2. Material and methods 
2.1 Fabrication of metallic frameworks  
The brands, manufacturers, chemical compositions, shades and batch numbers of the materials used 
in this study are listed in Table 1. Rectangular acrylic templates (52 mm x 26 mm x 1.1 mm) were 
used for the fabrication of the frameworks. Wax sprues (Horus, Herpo Produtos Dentarios Ltd., São 
Paulo, Brazil) were attached perpendicular to one end of the template and were connected to a 
central wax rod of 5 mm diameter (Wax Wire for Casting Sprues, Dentaurum, Pforzheim, Germany). 
The assembly was mounted in a silicone ring and poured with investment material (Rematitan Ultra, 
Dentaurum JP Winkelstroeter KG, Pforzheim, Germany) mixed at a ratio of 100 g powder to 14 ml 
liquid. After the investment material had set, the silicone ring and the sprue former were separated 
from the investment mold. Metallic frameworks were cast in Ti cp (nplates=25) in an electrical induction 
furnace (Rematitan Autocast, Dentaurum) under argon gas. Elimination of sprues and separation of 
metallic strips were performed with the aid of carbide discs at low speed. After removal from the 
investment material, the margins of the frameworks were trimmed to the dimensions of 51 mm x 25 
mm x 1 mm. The surfaces of the Ti cp specimens that would receive the resin composite were first 
blasted with 50 µm Al2O3 (Korox, Bego, Bremen, Germany) at an angle of 45° for 10 s/cm2 from a 
distance of approximately 2 cm, under 2 bar pressure to remove possible remnants of investment 
materials. They were then ground finished using 1200-grit silicone carbide papers (3M ESPE, St Paul, 
MN, USA) under water cooling to ensure an even surface that might have occurred during Al2O3 
blasting. Subsequently, Ti cp plates were cleaned with an air-water spray for 10 s. They were then 
ultrasonically cleaned in isopropyl alcohol (Vitasonic II, Vita, Bad Säckingen, Germany) for 5 min and 
allowed to dry at room temperature for 5 min.  
2.2 Surface conditioning  
The surfaces of Ti cp plates that would receive resin composite stubs were blasted with CoJet system 
using an intraoral air-abrasion device (Dento-Prep, RØNVIG; Daugaard, Denmark) (30 μm CoJet-
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Sand, 3M ESPE, Seefeld, Germany) from a distance of approximately 10 mm at a pressure of 2.8 
bars for 15 s/cm2 (Fig. 1a). The conditioned substrates were then coated with a 3-methacryloxypropyl 
trimethoxysilane coupling agent, γ-MPS (ESPE-Sil, 3M ESPE) using a clean brush for every Ti cp 
plate and left to react for 5 min. While Al2O3 blasting was achieved in a laboratory type sandblasting 
device, CoJet blasting was performed in a chair side air-abrasion device. 
2.3 Specimen preparation 
Following surface conditioning, the specimens were randomly divided into 8 groups (N=80, n=10 per 
group). Four types of opaquers were selected for this study one of which was a powder liquid type 
and the other three pastes. Relative ranking of the viscosities of the opaquers were as follows in the 
descending order: Monopaque>Cavex>Cimara>Sinfony. 
Polyethylene molds were created at two thicknesses (0.25 and 0.50 mm) and the opaquers were 
applied through the openings (inner diameter: 3 mm) of these molds. Opaquer layers were then 
photo-polymerized according to each manufacturer’s recommendations for 40 s. During this process, 
it was noticed that the opaquers, especially Sinfony, were not completely polymerized at 40 s. This 
was noted when the tip of a probe penetrated the surface layer easily. After several trials, it was 
decided to polymerize all opaquers for 120 s. Application of the corresponding adhesive resin of the 
opaquers dissolved the opaquers dramatically and therefore their use was abandoned. After 
polymerization, the molds were gently removed and a new translucent plexyglass mold with an inner 
diameter of 3.6 mm and a height of 5 mm was placed on the opaquer applied Ti cp frameworks. The 
rims of the mold were secured by another mold ensuring correct centralization of the opening around 
the 3 mm diameter opaquer consistently (Fig. 1b). In order to be able to detect the failure types more 
clearly, opaquers’ shade was chosen to be A3 and the resin composite A2.  
The unpolymerized resin composites (Quadrant Posterior Dense) were packed into the cavities 
with a hand instrument and photo-polymerized incrementally in layers of not more than 2 mm. Each 
increment was photo-polymerized with a halogen photo-polymerization unit (Astralis 5, Ivoclar 
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Vivadent, Schaan, Liechtenstein) for 40 s from a constant distance of 2 mm from the surface (Fig. 
1b). Light intensity was assured to be higher than 400 mW/cm2, verified by a radiometer after every 8 
specimen (Model 100, Kerr, Orange, CA, USA). Polyethylene molds were gently removed from the 
test specimens. Bonding procedures were carried out by the same operator throughout the 
experiments. All specimens were kept dry at 37ºC for 24 h in dark and then subjected to 
thermocycling for 6000 cycles between 5 and 55°C in distilled water (Willytech, Gräfelfing, Germany). 
The dwelling time at each temperature was 30 s and the transfer time from one bath to the other was 
10 s.  
2.4 Shear test and failure analysis 
Specimens were mounted in the jig of the Universal Testing Machine (Zwick ROELL Z2.5 MA 18-1-
3/7, Ulm, Germany) and the shear force was applied using a shearing blade to the adhesive interface 
until failure occurred (Fig. 1c). The load was applied to the adhesive interface, as close as possible to 
the surface of the substrate at a crosshead speed of 1.0 mm/min and the stress-strain curve was 
analyzed with the software program (TestXpert®, Zwick ROELL, Ulm, Germany). 
Subsequently, digital photos (Nikon D1, Micro Nikon 60 lens, Tokyo, Japan) were taken from the 
substrate surfaces. Failure sites were analyzed by two calibrated operators both from digital 
photographs at ×20 magnification using a software program (CorelDraw 9.0, Corel Corporation, 
Ottowa, Ontario, Canada) and an optical microscope (Stemi 2000-C, Carl Zeiss, Gottingen, Germany). 
Types of failures were categorized according to the modified Adhesive Remnant Index (ARI) [9] 
(Score 0= no opaquer on the surface, Score 1= <1/2 of the surface covered with opaquer, Score 2= 
>1/2 of the surface covered with opaquer, Score 3= surface completely covered with opaquer). 
In additional Ti cp plates (n=3), the effect of CoJet blasting after air-blowing using a multifunctional 
air-syringe was evaluated under Scanning Electron Microscope (SEM) (JSM-6301F, Jeol 
Instruments, Tokyo, Japan). Surfaces were first sputter-coated with a 3 nm thick layer of 
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gold/paladium (80/20) prior to examination and images were taken at 25 Kv at a magnification of 
x5000.  
2.5 Statistical analysis 
The means of each group were analyzed by Univariate Analysis of Variance (ANOVA) with the bond 
strength data as the dependent variable and the type of opaquer and thickness as independent 
factors. Due to significant difference between the groups, multiple comparisons were made with 
Tukey’s adjustment test (α=0.05). P values less than 0.05 were considered statistically significant in 
all tests. 
 
3. Results 
While thickness of the opaquer layer did not significantly affect the bond strength results (p=0.523), 
type of opaquers had a significant influence on the results (p<0.01) (Univariate ANOVA, Tukey’s test) 
(Table 2). Interaction terms between thickness and the opaquer type were significant (p<0.01).  
Debonded specimens during thermocycling were considered 0 MPa. At both 0.25 and 0.5 mm 
thickness, powder-liquid based opaquer (Sinfony) showed significantly higher results (8.4±5.6 and 
8.4±4.9 MPa, respectively) than those of other opaquers (1.4±1 - 4.3±3.8 MPa) (p<0.05) (Fig. 2). Only 
when Cimara was applied in 0.25 mm (6.9±4.2 MPa), there were no significant differences between 
this opaquer and that of Sinfony at the same thickness (8.4±5.6 MPa) (p>0.05). The lowest results in 
both thicknesses were obtained from Monopaque (4±3.8 - 1.6±1 MPa, respectively) and Cavex 
(1.4±1 - 4.2±2.9 MPa, respectively) paste opaquers (Table 3). 
Modified ARI findings varied depending on the opaquer type (Table 4). Spontaneous debondings 
were 0/0, 0/2, 2/2, 1/5 for 0.25/0.50 mm thicknesses for Sinfony, Cimara, Monopaque, Cavex, 
respectively. 
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 In all opaquers, the incidence of Score 0 (30) was more frequent followed by Score 1 (27) and 
Score 2 (20). Score 3 (3) was the least experienced failure type. SEM images showed deposited 
particles on the surface even after air blowing (Fig. 3). 
 
4. Discussion  
In case of metal-ceramic FDP chippings or fractures with metal exposure, ideally, remake of the 
restoration is desirable, but it may not be always feasible. Direct adhesive repair techniques could be 
seen as interim solutions but they can also delay the replacement of the restoration at least for some 
years [4,5]. When an intraoral repair option is practiced, quality of the repair, both mechanically and 
optically is highly dependent on the adhesion of the interfaces between the metal and the repair 
composite. The optical quality is dictated by the opaquer layer between the metal and the repair resin. 
This study was undertaken in order to study the effect of opaquers with various viscosities and 
thicknesses on the repair strength of a resin composite. 
Due to promising results obtained over other adhesive systems in previous studies [8], metal 
framework surfaces were conditioned using the so called “tribochemical silica coating-CoJet system”. 
Silane coupling agent with its ability to bond to the metallic oxides of the alloy, acts as a wetting agent 
that reduces surface tension at the metal-composite interface due to polarity and non-polarity 
differences [10]. In addition, particle blasted surface favors the penetration of the composite into the 
metal porosities, which was evident in the SEM findings, providing a larger contact area for the 
opaquer to bond onto [11]. In fact, this application was not compulsory according to the 
manufacturers of the tested opaquers except for Sinfony. In a preliminary pilot study, it was noted that 
almost all the resin specimens were spontaneously debonded either during retrieval of the 
polyethylene molds or during thermocycling when the metal surfaces were not conditioned with 
particle blasting or when they were simply acid etched and silane treated (i.e. when instructions of 
Monopaque was followed). 
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Water uptake together with temperature change creates stress at the interface between the resins 
and the metals. Most of the studies on metal-resin adhesion involved different thermocycling times 
but the common consensus was that the thermocycling decreased the bond strength as it weakens 
the interface [12-17]. A minimum of 5000 cycles are advised according to the ISO norm for metal-
resin adhesion tests [18]. Therefore in this study the specimens were only tested after thermocycling 
for 6000 times. It takes approximately 1 week to complete this number of cycles. It can be argued 
whether this period is sufficient for water saturation of the adhesive joint. However, even before this 
cycle was completed, some groups suffered from early debondings in the thermocycle chambers. It is 
difficult to estimate whether this was solely a consequence of lack of polymerization or partial 
hydrolytic effect of the thermocyling. 
The highest results were obtained from the powder-liquid opaquer, Sinfony, at both thin and 
thicker applications. This can be attributed to the better surface wettability of this low viscous opaquer 
when powder and liquid of this opaquer were mixed 1:1 for 40 s. When applied thin, Cimara also 
showed non-significant results than those of Sinfony leading to acceptance of the first part of the 
hypothesis. In terms of relative ranking of viscosity, Cimara followed Sinfony being second low 
viscous opaquer among the tested materials. It should also be noted that the dislodged specimens 
during thermocycling was considered as 0 MPa in order to reflect a worse-case scenario. This 
eventually decreased the mean values and increased the standard deviations. Nevertheless, the 
recommended 5 MPa by the ISO norm was achieved only with Sinfony and Cimara at 0.25 mm 
thicknesses. Although no debondings occurred in this group, standard deviations could be considered 
high. 
Since the thickness of the opaquer layer did not significantly affect the bond strength results, the 
hypothesis made for the possible effect of thickness is not accepted. Yet, clinically it is very difficult to 
keep the thickness of the opaquer standard therefore a thin layer at least for Cimara may still be 
desirable. 
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In this study, the opaquers tested were based on MMA (Sinfony), combination of Bis-GMA and 
UDMA (Cimara), Bis-GMA, UDMA and TEGDMA (Monopaque) and methacrylate based monomers 
(Cavex experimental). The variations between the opaquers in terms of bond strength could be 
explained based on the variations in the degree of water uptake, namely due the hydrophilic 
character of the dimethacrylates. Detrimental effect of thermocyling on opaquers when compared to 
testing without aging has been previously reported [12-18]. As discussed above, the increased 
number of thermal cycling as well as long-term water storage which was not practiced in this study 
may influence the water saturation and thereby, decreased bond strength could be expected. Even 
under the experimental conditions of this study, the obtained results were not all that favourable.  
In a previous study, Yoshida et al. [20] reported that TEGDMA based opaquers were superior to 
MMA based ones with regard to their better clinical manipulation. However, from the adhesion 
perspective, the results of this study were more favorable with MMA based opaquer. Nevertheless, 
due to the high incidence of adhesive failures between the metal and the opaquer together with the 
high standard deviations in the Sinfony group, the obtained results from this group may also not be 
considered very spectacular. Addition of MMA to the opaquer is useful for the adhesion of the repair 
or veneering resin but the monomer evaporates during laboratory procedures. Moreover, MMA is not 
polymerized sufficiently by photo-initiators in the presence of oxygen [20]. Therefore there is need for 
chemical improvement or better polymerization of such materials.  
Adhesion of resin composites to titanium has been previously investigated but some of these 
studies excluded the opaquer layer therefore their clinical implication fails [12,14]. Although there is 
an ISO norm, this was also not practiced in these studies. Although addition of 4-META in the 
opaquer composition has already been suggested almost two decades ago [13,20] with durable 
results on cobalt chromium alloy, new photo-polymerized opaquers unfortunately do not contain this 
monomer. On the other hand, in those studies 4-META based opaquers were polymerized in a 
xenoscopic photo-polymerization unit which again is not applicable for intraoral repairs. There seems 
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to be a need for chemically polymerized opaquers that would serve for better polymerized interface 
between the alloys and the resin composites. 
In one study where veneering resin adhesion on alloys were tested, not for repairs but for indirect 
resin-metal FDPs, it was reported that 0.47 mm thick opaquers based on MMA, TEGDMA, UDMA, 
BMPEEP did not result in sufficient degree of conversion and instable oxygen inhibited layer even 
after 180 s polymerization in a xenoscopic photo-polymerization unit [17]. In that study, opaquer 
surfaces were covered with a glass-plate. Similarly in this study, the recommended polymerization 
duration was found insufficient and therefore extended polymerization was performed. They have 
also noted debondings during thermocycling but it is not clear whether they were included as 0 MPa 
or excluded from the study in all groups. There seems to be some standardization in methodology 
and reporting needed when testing adhesion of resin based materials onto metals. 
In clinical situations, metal-ceramic FDP fractures also involve the surrounding ceramic surfaces 
that could be separately conditioned by hydrofluoric acid etching and silanization. Future studies are 
needed whether the adhesion obtained from the ceramic exceeds that of the metal or contributes to 
further adhesion. In order to be able to compare the results with those of other studies and also due 
to low adhesion of veneering ceramics reported on titanium [21], in this study Ti cp was used as a 
framework material. Other alloys may result in different outcomes. Similarly, no simulated ceramic 
firing was employed which might change the oxide layer formation on the Ti cp. The reason for 
skipping this step was based on the assumption that the adhesively chipped or fractured ceramic 
removes this oxide layer [5]. 
Bond strength studies should always be associated with failure type analysis. A modified ARI 
scoring system was used in this study depending on the amount of opaquer left adhered on the metal 
surface after debonding. When the failure site is at the metal-resin interface with complete exposure 
of the metal (Score 0), it indicates poor adhesion which was the most frequently observed failure type. 
In the Cimara group, Score 0 was even more common. Based on the failure type findings in fact the 
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performance of this opaquer must also be evaluated cautiously. The incidence of Score 1 and 2, 
where some remnants of the opaquer was visible on the metal surface, followed the Score 0. On the 
other hand, complete adherence of the opaquer on the metal surface (Score 3) indicates a weak 
adhesion between the adhering resin composite and the opaquer. Even though no adhesive resin 
was used on the opaquers, due to their dissolving effect on the opaquer as a consequence of 
inadequate polymerization of the underlying layer, this type of failure was the least observed 
indicating a good adhesion between the opaquer and the repair resin. Degree of conversion tests 
must support these findings since two phenomena could be expected at the interface, namely the 
water uptake and the brittleness of the polymerized opaquer depending on their composition (i.e. 
UDMA). When opaquers were applied thin, failure types were more frequently partially cohesive in 
the opaquer indicating better adhesion. During load application to the adhesive interface, it is possible 
that increase in opaquer thickness created an increased tensile component in the thick opaquer with 
lower elastic modulus than the repair composite providing a larger bending moment in the specimen 
[22]. This could change the failure type to more adhesive failure. If this would be true, then 
consistently adhesive failures would have been expected with the thicker opaquer application which 
was not the case indicating that the chemical aspect of the adhesion has also an important 
component in teh adhesion of such materials. However, by the thin application of the opaquer in 
clinical practice, also the tensile component could be eliminated.  
 
5. Conclusions 
Although mixing powder-liquid opaquer add to the chairside time, this type of opaquer with its MMA in 
its composition presented better adhesion to Ti cp than those of paste opaquers but the results also 
presented high standard deviations. When applied a thin layer, Cimara paste opaquer showed lower 
yet non-significant results that those of Sinfony also with mainly adhesive failures. Prolonged photo-
polymerization duration than 40 s, seems to be compulsory for all the opaquers tested and especially 
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for the powder-liquid one. The use of an adhesive resin on the opaquer layer may not be necessary. 
In all opaquers, the incidence of adhesive failure between the opaquer and the metal was more 
common implying inadequate adhesion.  
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Captions to tables and figures: 
Tables 
Table 1 The brands, manufacturers, chemical compositions, shades and batch numbers of the 
materials used in this study. 
Table 2 Results of analysis of variance for the experimental conditions.  
Table 3 Means and standard deviations of the bond strength data (MPa) for the experimental groups. 
*The same superscripted letters indicate no significant differences (Tukey’s test, α=0.05). 
Table 4 Modified Adhesive Remnant Index (ARI) scores for the opaquer layer at two thicknesses. 
Score 0= no opaquer on the surface, Score 1= <1/2 covered with opaquer, Score 2= >1/2 covered 
with opaquer, Score 3= completely covered with opaquer. *Dislodged during thermocycling. 
 
Figures 
Figs. 1a-c. a) Ti cp framework during CoJet blasting, b) Transparent polyethylene mold used for 
incremental build up of the resin composite on the opaquer layer, c) The position of the jig of the 
universal testing machine at the adhesive interface in relation to the specimen.  
Fig. 2. Mean bond strengths (MPa) of the resin composite on the Ti cp framework after application of 
the opaquer at two thicknesses (0.25 and 0.50 mm). SIN: Sinfony, CIM: Cimara, MON: Monopaque, 
CAV: Cavex. 
Fig. 3. Representative scanning electron microscope photomicrograph (×5000 original magnification) 
from the CoJet blasted Ti cp surface. Note the penetrated sand particles even after air-blowing. 
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Tables 
Table 1 The brands, manufacturers, chemical compositions, shades and batch numbers of the 
materials used in this study. 
 
Brand  Manufacturer Chemical composition Shade Batch 
Number 
OPAQUERS  
Sinfony 3M ESPE AG, 
Seefeld,  
Germany 
Powder: 3-(Trimethoxysilyl)propyl, 
titaniumdioxide, Calciumfluoride, 
Dilauroylperoxide, 1,1,1-Trimethyl-N-
(trimethylsilyl), silaneamine, 
hydrolyzation products with silica, 
Iron oxide, CI pigment yellow 42. 
Liquid: bis(methylene)diacrylate, 
MMA, Vinylchloride-vinylacetate 
copolymer, 
Trimethylbenzoyldiphenylposphone 
oxide 
A3 Powder: 
152743 
 
 
 
Liquid: 
159673 
Cimara Voco, Cuxhaven, 
Germany 
 
20-40% Bis-GMA, 25-35% UDMA, 2-
propanol, silicates 
A3 600667 
Monopaque Ivoclar Vivadent, 
Schaan, 
Liechtenstein 
<26% Bis-GMA, <16% UDMA and 
<14% TEGDMA, unorganic fillers, 
initiators, pigments, 
ytterbiumtrifluoride  
A3 F68548 
Cavex 
experimental 
Cavex Holland 
BV, Haarlem, 
The Netherlands 
39% methacrylate based monomers, 
>60% silica and silicate glass, <1% 
polymerization catalizators, <1% 
pigments 
A3 n.a. 
TRIBOCHEMICAL SILICA COATING KIT  
CoJet®-Sand  
 
3M ESPE AG, 
Seefeld, 
Germany 
Aluminium trioxide particles coated 
with silica, particles size: 30 μm  
 
 165092 
 
ESPE®-Sil 3M ESPE AG, 
Seefeld,  
Germany 
97% ethanol, 1 to 3-
methacryloxypropyltrimethoxysilane, 
ethanol 
 225505 
RESIN COMPOSITE  
Quadrant 
Posterior Dense 
Cavex Holland 
BV, Haarlem,  
The Netherlands 
Siliciumdioxide filller particles, 
Barium-Aluminium-Fluoride-silicate 
glass, Bis-GMA, UDMA, TEGDMA 
and tetrafunctional monomers 
A2 010253 
MMA: Methylmethacrylate, Bis-GMA: Bisphenol A diglycidylmethacrylate, TEGDMA: Triethyleneglycol 
dimethacrylate, UDMA: Urethane dimethacrylate
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Table 2 Results of analysis of variance for the experimental conditions.  
Effect DF SS MS F P 
Opaquer 3 430.851 143.617 10.301 0.000* 
Thickness 1 5.733 5.733 0.411 0.523* 
Opaquer vs 
thickness 
1 1951.843 1951.843 139.997 0.000* 
Error 75 1045.655 
 
   
Total 80 3434.082 
 
   
Corrected 
error 
79 1482.238 
 
   
 
 
Table 3 Means and standard deviations of the bond strength data (MPa) for the experimental groups.  
 
Opaquer Thickness (mm)* 
 0.25 0.5 
Sinfony 8.4±5.6a  8.4±4.9a   
Cimara 6.9±4.2a,b  4.3±3.8b   
Monopaque 4±3.8b  1.6±1b   
Cavex 1.4±1b  4.2±2.9b  
 
*The same superscripted letters indicate no significant differences (Tukey’s test, α=0.05). 
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Table 4 Modified Adhesive Remnant Index (ARI) scores for the opaquer layer at two thicknesses. Score 0= no 
opaquer on the surface, Score 1= <1/2 covered with opaquer, Score 2= >1/2 covered with opaquer, Score 3= 
completely covered with opaquer. *Dislodged during thermocycling. 
 
Opaquers Score 0 
(0.25/0.5) 
Score 1 
(0.25/0.5) 
Score 2 
(0.25/0.5) 
Score 3 
(0.25/0.5) 
Dislodged* 
(0.25/0.5) 
      
Sinfony 3/6 2/4 5/0 0/0 -/- 
Cimara 5/7 3/3 1/0 1/0 -/2 
Monopaque 0/3 2/5 7/2 1/0 2/2 
Cavex 3/3 1/7 5/0 1/0 1/5 
Total 11/19 8/19 18/2 3/0 3/9 
Example: 
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Figures 
Figs. 1a-c. a) Ti cp framework during CoJet blasting, b) Transparent polyethylene mold used for incremental 
build up of the resin composite on the opaquer layer, c) The position of the jig of the universal testing machine 
at the adhesive interface in relation to the specimen.  
a)        b)          c) 
 
 
Fig. 2. Mean bond strengths (MPa) of the resin composite on the Ti cp framework after application of the 
opaquer at two thicknesses (0.25 and 0.5 mm). SIN: Sinfony, CIM: Cimara, MON: Monopaque, CAV: Cavex. 
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Fig. 3. Representative scanning electron microscope photomicrograph (×5000 original magnification) from the 
CoJet blasted Ti cp surface. Note the penetrated sand particles even after air-blowing. 
 
 
